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(54) Process for accelerating reaction of ozone and waste water with a cat^st 

(57) In treatment of water by injection of ozone into 
the water for removal of harmful matters, odor matters, 
and color matters therein, either or both of a nonyl phe- 
nol and a cresol are added to the water to be treated. 
The nonyl phenol is added together with a lower alcohol 
or acetone to the water to be treated. The dresol is 
added together with a lower ^cdiol or acetone to the 
water to be treated. A p-nonyl phenol is added as the 
nonyl phenol for treatment. As the cresol for adcfitfon, a 
p-crespl is added. As the nonyl phenol for adcfition, such 
a nonyl phenol that two molecular weights of 220 and 
107 are detected when measured by either or boti of 
gas chromatography and mass spectrometry used. 
By the atxTve treatment, the decomposition reaction of 
ozone can be accelerated, and thereby it becomes pos- 
sible to accelerate the oxidative decomposition reaction 
of organic matters, the amount of ozone required for the 
decomposition of harmful matters can be reduced with 
the decomposition time. The decomposition rate of 
organic matters can be accelerated by addition of a 
nonyl phenol or a cresol. Accordingly, when the process 
for accelerating the reaction of ozone is applied in water 

treatmCTt the treatment rate of water can be enhanced. 

The treatment volume per time of water can be 
enhanced, whereby the site area for water treatment 
facilities can be reduced even in the event that the 
capacity of a reaction tank is reduced. 
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Descriptloii 
Technlcai Reld 

[0001 ] The present invention relates to a technique 5 
for enhancing the reaction rate of ozone in treatment of 
water by injection of ozone into the water for removal of 
harmful mafei^ bdor' ma 
therein. 

Backgrmind Art 

[0002] m recent years, people have much been 
concerned atx)ut the environment. Particularly, water 
which has an intimate relation to their living has been a is 
matter of primary concern. 

[0003] Harmful matters such as organic matters, 
ammonia, send so forth, and matters which may cause 
odors and colors are contained m secondary sewage 
treatment water, secondary night soil treatment waten 20 
industrial waste water, t^ water, Gmali water supply 
system water, excludve tap water, water for industrial 
use, wastewater recycling system water, and effluents 
from fish farms and culture porxJs. 

[0004] Accordingly, it is necessary to treat water 25 
hfgNy. Various water treatment methods have been 
investigated. Especially, contamination of rivers with 
phenol type organic matters is a great concern. Anxiety 
has been directed to nonyl phenols or nonyl phenol iso- 
mers regarded as estrogen which causes troubles as 30 
environmental hormone. 

[0005] The nonyl phenol isomers are produced 
while chemical substances contained in surfactants and 
so forth are deconposed in rivers. The phenol t^e 
organic matters have a benzene ring and can not e^ly 35. 
be decomposed by heating and so fbrtfi. By adcfiHon of 
chlorine, the decorrposition becomes possible. How- 
ever, when the phenol type organic matters are decom- 
posed with chtorine added, undesired chlorides are 
formed. 40 
[0006] As to such treatment of water as descr3>ed 
atjove. a water treatm^ method using ozone Is well 
known. For removal of harmful matters, odor matters, 
and color matters by oxidative decomposition, and for 
pasteurization, this method is widely used. 4s 
[0007] For the purpose of enhancing the oxidation 
decomposition rate of harmful matters in water with 
ozone, that is, the treatment rate of the water, there is 
known a method for adding a surfact^ whereby the 
contact between foul water and ozone is increased, as so 
stated in Japanese Unexamined Patent Publication Ho. 
52-8650. s 

[0008] As generally known, the oxidative reaction of 
ozone in water is due to the direct-contact reaction of an 
ozone molecule, and the hydroxyl radial (OH • ) and the ss 
hydroperoxy radical (HO2 * ) produced by the sdf- 
decomposition of ozone. Particularly, the hydrop^xy 
radical (HO • } has a higher oxidatton capacity. The 



increase of hydroperoxy radicals brings to high eff ici^t 
reaction. 

[P009] The fbllomng methods tor accelerating tiie 
atx)ve reaction are well known: the pH value of water to 
be treated is enhanced; hydrogen peroxides are added; 
ultraviolet rays are irradiated; radiation is applied; 
supesonic waves are applied; catalysts such as metal 
Ions, metal o»des, and sd forth are used; and so forth. 
[0010] In addition, there is a well-known method for 
treating toul water v\nth ozone in the presence of a phe- 
nol, benzdc acid, and dodecyl benzensuifonic acid as a 
catalyst. For example, such a method is stated in Japa- 
nese Unexamined Patent Publicafion No. 06-23377, 
[0011] However, in the alx3ve-described tech- 
niques, ozone is relatively expensive, and the oxidative 
decomposition rate of ozone is low. Accordingly, water 
treatment at a high efficiency is realized with difficulty 
only by introducing water urxfer treatm^ into a large- 
scale ruction tenK and injecting ozone. 
[0O12] According to the method by adding a sur- 
factant, as stated In Japanese Unexamined Patent Pub- 
lication Na 52-8650, the reaction is accelerated by 
increasing the area of reaction sites. When lots of 
organic matters exist in water urxler treatment, the sur- 
factant may be adsorbed by the organic matters in the 
water, so that the freeing capadty is reduced, if the 
amount of the surfiactant is increased m order to com- 
pensate for the reduced frotNng c^3acity, lots of foams 
will be generated, which probably causes troubles in 
working. 

PXMS] According to the method for treating foul 
wate* with ozone in the presence of a phenol, benzok; 
add, or dodecy benzenesufonic acid, as stated in Japa>- 
nese Unexamined Patent PiiDlication No. 06-23377, it is 
difficult to treat foul water wiUi ozone suff biently, effi- 
ciency in the presmce of the catalyst 

Disclosure of invention 

[0014] According to the present invention, in a im-oc- 
ess for remoMng harmftil matters, espeaaSy environ- 
mental homrone in water by injection of ozone into the 
water, either or both of a nonyl phenol and a cresol are 
added to the water to lOB treated. 
[0015] In the same process, the nonyf phenol is 
added together with a lower alcohol or acetone to the 
water to be treated. 

[0016] In the same process, the creso) is added 
together with a \ow& alcohol or ac^one to the wat^ to 
b& treated. 

[0017] As tiie nonyl phenol for adcfition, a p>-nonyl 
phenol is added. 

[001 8] As the cresol for addition, p-cresol is added. 
IP019} As the nonyl phenol for addition, such a 
nonyl phenol tfiat two molecular weights of 220 and 1 07 
are detected wHiai measured t>y er^er or both of gas 
chromatography and mass spectrometry is used. 



DOCJO: <EP. 



.099744aA2J_> 



3 EP0 997 440 A2 4 



Brief Description of Drawings 
[0020] 

Fig. 1 1s a scheme illustrating the radical generation 
reaction of ozone; 

Rg. 2 is a mass spectrum of a nonyJ phenol for a 
catalyst according to the present invention; 
Rg, 3 is a scheme showing an experimeHal appa- 
ratus which is employed in the process of the 
present invention, and 

Fig. 4 is a table showing experunental results of 
EXAMPLE 1, 

Best Mode for Carrying Out the Invention 

[0021] According to the present invention, the 
amount of a catalyst for addition containing a nonyl phe- 
nol or cresol as a major component is about 0. 1 fpm by 
wdght percent, though the optimum amount depends 
on the state of water to be treated. 
[0022] The nony! phenol used for the catalyst 
according to the present invention is decomposed dur- 
ing the treatment It is supposed to become a ii^enol to 
which an alkyi group with a carbon number of nearly 9 
or not more than 9 is bonded. 
[0023] The nonyl phenol as the catalyst ray be an 
0-, a m-, or a p-nonyl phenol. The p-non^ phenol is 
most preferable, and was evidenced that It has a high 
effect on acceleration of the decomposition of organic 
matters with ozone. 

[0024] The cresol as the cateiyst may also be an o- 
, a m-, or a p-cresd. In the tfiree type cresdis, the p- 
cresol. which had the most great effect on acx:e{eration 
of the decomposition of organic mattes with ozone in 
the hereinafter EXAMPLE 2, is most preferable. 
[0025] Also, in a process according to the fxeserrt 
invention, a lower alcohol or acetone is added together 
with the nonyl phenol or the cresol as the catalyst to 
water to be treated, so that the rionyl phenol or the 
cresol can be dissolved in the water. In EXAMPLES 1 to 
be discussed later, methanol of a lower alcohol was 
used. In EXAMPLE 2 to^be discussed later, acetone 
was used. The addition manner of tfie nonyl phenol or 
the cresol is not limited to the above-described manner. 
Any manner will do. if it makes the nonyl phenol or the 
cresol soluble in water to be treated. Other solvents or 
surfactants may be used. 

[0026] Moreover, by addition of a surfactant to 
water to be treated, ozone injected into the water may 
be heid on butsbles. so that the contact areas between 
the water and the ozone can be increased. Accordingly, 
the reaction rate can be enhanced. 
[(KJ27] Though tiie mechanism with respect to tiie 
way how the nonyl phenol present acts to a reaction 
system of ozone, according to the present invention, 
has not been revealed, it is suggestifcrie that the nonyl 
phenol accelerates the production of hydroxy! radical 



having a higher oxidative cecity from the ozone, 
thereby accelerating the oxidative decomposition of 
organic matters in water to be treated. 
[0028] In this regard, in the self -decomposition 

5 reaction of ozone in water, as illustrated in Fig. 1, an 
ozone molecule reads witti a hydroxide ion so as to pro- 
duce the hydrogen supero)dde or the superoxide ion. 
Furtiier. the produced hydrogen superoxide reacts with 
an ozone molecule so as to produce the oxygen and the 

10 hydroxyl radical. The hydroxyl ladical produced as such 
Gxidativeiy deconposes tiie organic matters In water to 
be treated, however, the amount hereof is not so much 
as to decompose the organic nriatt^ sufficientiy. 
[0029] On the other hand, when a substance X, 

15 which is capable of accelerating the self-decomposition 
of ozone, exists in water, the hydroxyl radical is further 
produced from the ozone molecule by its contact with 
the substance X, as shown in Rg, 1 , in addition to that 
produced as described above, whereby the produced 

20 hydroxyl radical is increased so as to accelerate the 
deconrposition of organic matters in the water to be 
treated. It is suggested that the nonyl ph^ol as the cat- 
alyst according to the present invention holds for the 
substance X capable of accelerating the setf<leconnpo- 

25 sition of ozone, that is, a reduction catalyst for ozone, or 
to be detailed, the conrpounds produced in tiie process 
of decomposition of the nonyl ph^o! witii ozone accel- 
^ate the self -decompoation of ozone and the oxydative 
decomposition of organic matters. 

30 [0030] The nonyl phenol, which is used for the cat- 
alyst according to the present invention, vms analyzed 
by ^s chromatogr^hy and nr^s spectrometry, exhil>- 
iting two dfetincl peaks at molecular weights of 220. 107 
as shown in Rg. 2. This suggests that the nonyl phenol 

36 has a high purity without other substances contained, 
and has characteristics exhibited by the gas chromatog- 
raphy and the mass spectrometry. 
p)0311 Regarding to ttiis, wh«i other generally- 
used nonyl phenols are added to water to be treated by 

40 injection of ozone, the acceleration of reaction of ozone 
does not appear. The generally-used nonyl phenols 
were analyzed by the gas chromatography and the 
mass spectrometry. As a result, plural peaks were 
shown. This evidenced that with tiie other generally- 

45 used nonyl phenols, other isomers are mixed. 

[0032} Accordingly it is understood that such a 
nonyl phenol tfiat two molecular weights of 220 and 107 
are detected when measured by either or both of gas 
chromatography and mass spectrometry is most prefer- 
so able for a catalyst accelerating the reaction of ozone. 
[0033] The catalyst contelning a nonyl phenol or 
cresol as a major conponent is called AM catalyst 
[0034] Hereinafter, examples of the present inven- 
tion will be now described. However, it should be under- 

55 Stood that tins present invention is not limited to the 
examples. 
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EXAMPLE 1 

[003SJ Riverwatersainples I.N were collected. The 
concentrations of nonyl phenol isomers as a pbenoi 
type substance in the river water sanples I, N and pure 5 
water were measured. Thea the collected river water 
sanies I, N and the pure water were placed into con- 
tainers in an amount of 500 m£, respectively. A standard 
reagent (containing the above-mentioned nonyl phenol 
which a|:H>6^ two peaks of nriolecular weights of 220 io 
and 107 when measured l)y either or both of gas chro- 
matog-aphy arKl mass ^ectrometry; and methanol) in 
accordance with the present Irrvention was added, and 
then ozone was Injected. The standard reagent was 
added in an annount of 100 {ig teased on 1 liter of water, is 
Then, ttie amounts of phenol type substances con- 
taned h the sikmples of c»H^ water arid pure 

water were measured. The above treatment was canied 
out at room tenr4:>eradure. 

[0036] The coficentration of phenol type sub- 20 
stances conteined in the river water sample I was 0.1 
lig/l . That in the river water sannple N was 5.1 pQfi , 
and that in ihe pure water was up to 0.1 fig/i. 
[0037] For the river water sannple I, the injection 
amount of ozone was 8.5 g, the injection time was 40 25 
minutes, the injection amount of the gas was 1 W/nrdn. 
and the absorption amount of ozone was 3.9 g. 
100381 For the river water sanple N, tiie injection 
amount of ozone was 6.3 g, tiie injection time was 30 
niinutes, the injection gas amount was 1 Nlfvnm, and so 
the absorption amount of ozone was 3.3 g. 
[0039] For the pure water sarrple, the injection 
amount of ozone was 6.0 g. the injection time was 30 
nrvnutes. the Injection amoum of gas was 1 /mtn, and 
the absorption amount of ozone was 3.0 g. 35 
[0040] After the standanj reagent w^ added and 
ozone was ir^'ected. the anrwunts of the pherral type 
substance in the river water sanples I. and tiie pure 
water were measured* respectively. As seen in Rg. 4, aU 
of the measurements of ttie phenol t^ substances in 40 
the river water samples I, N and the pure water sample 
were up to 0. 1 jig//. 

[0041] As seen in EXAMPLE 1 , the concentiation of 
nonyl phenols or nonyl phenol isomers could be 
reduced, which are phenol type substances contained 4S 
in the samples (especially, tiie samples I and N) arxJ 
regarded as environmental hormone causing troubles. 
[00^ Moreover,.the result that the detected con- 
centration of the phenol type substances in tiie pure 
water, to which the standard reagent containing the so 
above-m«Tiioned nonyl phenol was added, treated with 
ozone was 0.1 ng/£ reveals that the added nonyl phenol 
itself is also oxidative<leconposed witti the hydroxy! 
radicals and the oxygen radicals produced in the pres* 
ence of the nonyl phenol. In other worcJs, the adcfition of ss 
the nonyl phenol as the catalyst of the present invention 
accelerates the decomposition reaction of ozone and 
does not disturb the o»dative<ieconposttion reaction of 



matters caused by the ozone or the hydroxyl radicals. 
EXAMPLE II 

[0043] To 300 mi of super pure water, 1 00m/ of tap 
water was added, and an aqueous red ink containing a 
surfactant was. dropped. The resultarrt solution was 
placed into a 500 ml beaker 1 to prepare solution A. /Mr 
was jetted into tiie prepared solution A. in this c^e, no 
frothing was caused. 

[0044] tiiat, as shown in Rg. 3, ozone was 

injected into the beaker 1 containing the solution A 
through a pipe 2 witii an ozone generator 3. As a result, 
when ozone was injected, a frothing phenomertOT 
occunred in the solution A. The frothing phenomenon 
continued for only about 5 minutes, 
[0045] Then, to the solution A. one drop (about 0. 
03m^ ) of a solution of a nonyl phenol cfissohred in ace- 
tone in such an amount as to give a concentration of 1 0 
pg// was added. After tiiat, ozone was injected into tiie 
beaker 1 containing tiie solution A, to whk:h the solution 
pr^3ared by dissolving rwnyt phenol in acetCMie was 
added, through a pipe 2 witin Ihe ozone generator 3. As 
a result, a frothutg phenomenon continued for 10 min- 
utes or longer. 

[P046] Alternatively, to the solution A. one cfrop 
(atx>ut 0.03 mi ) of acetone was added, and ozone was 
injected as d^cribed above. As a result a frothung phe- 
nomenon occurred, however, tiie froth cfisappeared 5 
rmiutes after. 

ATtematively, to the soiutim A, one drop 
(about 0.03 m^ of reagents prepared by dissolving 
each of o-cresol, nvcresol, and p-cresol in such an 
amount as to give a concentration of 10 pgi£ , in ace- 
tone was added, and ozone was ir^ected as descr03ed 
above, 

[0048] With regard to the solution A to which o- 
aesd was added, a frothing phenomenon continued. 
[0049] Witii regard to the solution A to which m- 
cresd was added, a frotfiing phenomenon continued. 
p)050] Witii regard to the solution A to wftjch p- 
cxesd was added, a frothing phenomenon continued, 
arxi a vigorously frothir^ phenomenon was observed. 
[P051] For the decomposition effect of tiie red ink 
serwig as coloring matter and the surfactant, tfie 
presait of residue chlorine (CI) in tap water is required. 
In case tiiat ozone is injected into water witiiout chlo- 
rine, white coles' bubbles vvill be generated. The solution 
A included reskiual chlorine (CI) wl^ had existed in 
the tap water, so that red bulsbles colored by ttie red ink 
were generated when ozone was injected thereto. 
Under just injection of ozone, the red bubbles disap- 
peared soon as the atx>ve described. In the case that 
ozone was injected into the solution A after tiie nonyl 
phenol or the creso! was added thereta the frotiiing 
phenomenon continued as the above described, 
wherein first red bubbles were generated, and tiiereaf- 
ter, the bubbles became while. From these facts, it is 
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proposed that the nonyl phenol and the cresol acceler- 
ate the decomposition of interacting colonng matters 
and surfactants contained in the solution A with ozone. 

Industrial ApplicabliHy 

[0052] As described above, according to tlie proc- 
ess of the present invention, the addition of a nonyl phe- 
nol accelerates the decomposition reaction of ozone, 
whereby tt becomes possible to accelerate the oxidative 
decompo^tron reaction of organic matters by ozone. 
Accordingly, the amount of ozone can be reduced with 
the decomposition time, which is required to decom- 
pose nonyl phenols or nonyl phenol isomers which are 
harmful phenol type substances regarded as estrogen 
in treatrriaril of eflluerts or sewage water for fyevention 
of environmental contamination. Also, the cost can be 
reduced which is needed for decomposition of harmful 
matters, especially, nonyl phenols or nonyl phenol iso- 
mers which are harmful phenol type substances 
regarded as estrogen, so that the harmful matters are 
converted to be non-harmful. 

[0053] By adding a nonyl ph^ot or a cresol to water 
containing phenol type organic matters therein and 
injecting ozone thereto, there Is a high possflDility that 
not only the orgianic matters but also the added nonyl 
phenol or cresol are decomposed and removed. 
[0054] in addition, since the decomposition rate of 
the organic nnatters by ozone can be accelerated by 
addition of a norxyi phenol or a ar^ol according to the 
above-described method, tiie water treatment using 
ozone, when employing such process for accelerating 
the reaction of ozone, can be improved in its treatment 
rate of water, so that the treatment volume per time of 
water to be tr^ed can be enhanced, wher^ the site 
area for treatment facilities can be reduced even in the 
event that the capacity of a reaction vessel is reduced. 
Moreover, by this treatment the removal ratios of the 
phenol type substances, and nonyl phenols or nonyl 
phenol isomers regarded as environmental hormone 
causing troubles can be enttanced. 

Claims 

1. A process for accelerating the reaction of ozone in 
treatment of water by injection of ozone into the 
water for removal of harmful matters, odor matters, 
and color matters, characterized in that a nonyl 
phenol Is added to the water to be treated. 

2. A process for accelerating the reaction of ozone 
according to claim 1, characterized in that said 
nonyl phenol for addition is used as a reduction cat- 
alyst for the ozone. 

3. A process for accelerating the reaction of ozone 
accordirig to claim 1, characterized in that such a 
nonyl phenol that two molecular welghte of 220 and 



107 are detected when measured by either or botii 
of gas chromatography and mass spectrometry ts 
used as said nonyl phenol for addition. 

5 4- A process for accelerating the reaction of ozone 
according to daim 1 , characterized in tiiat a p-nonyl 
phenol is.pdded as said nonyl phenol for addition. 

5. A process for accelerating the reaction of ozone 
10 according to claim 4. characterized in that such a 

nonyi phenol that two molecular weights 220 and 
107 are detected when measured by eitiier or both 
of gas chromatogr^hy and mass spectrometry is 
used as said non^ phenol for addition. 

15 

6. A process for accelerating the reaction of ozone in 
treatment of water by injection of ozone into the 
water for removal of harmful matters, odor matters, 
and color matters, characterized in that a nonyl 

J20 phenol, and a lower alcohol or acetone are added 
to tiie water to be treated. 

7. A process for accelerating the reaction of ozone 
according to claim 6. characterized in fiat such a 

25 nonyl phenol that two nnolecular weights of 220 and 
107 are detected when me^ured t>y eith^ or both 
of gas chromatography and mass spectrometry is 
used as said nonyl phenol for addition. 

30 B. A process for accelerating the reaction of ozone in 
treatment of water by injection of ozone into the 
. water for removal of harmful matters, odor matters, 
and color matters, characterized in that a cresol is 
^ed to tiie water to be treated. 

35 

9. A process for accelerating the reaction of ozone 
according to claim 8, characterized in tiiat a p- 
cresol is added as said cresol for addition. 

40 10. A process for accelerating the reaction of ozone in 
treatment of water by injection of ozone Into the 
water for removal of harmful matters, odor matters, 
and color matters, characterized in that a aesol. 
and a low^ alcohol or acetone are added to the 

45 water to be treated. 
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FIG. 4 
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Concentration of Phenol Type 

Substantive ifi g/L) 


Before Treatment 
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After Treatment 
by Ozone 


I 


0 . 1 


Up To 0. i 


N 


5 . i 


Up To 0 . 1 


Pure Water 


Up To 0. 1 


Up To 0 . 1 
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(54) Process for accelerating rracSon of ozone and waste water wifli a catalyst 



(57) In treatment of water by injectk>n of ozone into 
the water for removal of harmful matters, odor matieis, 
and color matters tfieretn, either or both of a nonyl phe- 
nol and a cresol are added to the water to be treated. 
The nonyl phenol is added together with a lower alcohol 
or acetone to the water to be treated. The cresol is 
added together with a lower alcohol or acetone to the 
water to be treated. A p-nonyl f^enol is added as the 
nonyl phenol for treatment. As the cresol for addition, a 
pHxesol is added. As the nonyl phenol for addition, such 
a nonyl phenol that two molecular wesgtits of 220 and 
107 are detected when measured by either or both of 
gas chromatography and mass qDectrometry is used. 
By the above treatment, tiie decomposition reaction of 
ozone can be accelerated, and thereby it becomes pos- 
sible to acc^erate the o)ddath^e decomposition reaction 
of organic matters, the amount of ozone required for the 
deconnposition of harmful matters can be reduced with 
the decomposition time. The decOTnposition rate of 
organic matters can be accelerated by addition of a 
nonyl phenol or a cresol. Accordingly, when tine process 
far accelerating the reaction of ozone is applied in water 
treatment, the treatment rate of water can be enhanced. 
The treabnent volume per time of water can be 



enhanced, whereby the site area for water treatment 
facilities can be reduced even in the event that the 
capacity of a reaction tank Is rec&iced. 
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